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ABSTRACT 

The Miles Lake hydroacoustic project was initiated in 1978 to estimate annual salmon escapement 
into the Copper River. Studies conducted during 1999 used Bendix Corporation single beam side- 
scanning sonar equipment deployed on the north and south banks of the Copper River near the 
outlet of Miles Lake, approximately 53 krn upriver from the commercial fishing district. In 1999, 
salmon escapement past the sonar site was estimated to be 850,951 during the time period from 
May 23 through August 3. Although it has not been possible to collect information at the site on 
species composition, most of the salmon passing the site are assumed to be sockeye salmon 
Oncorhynchus nerka. 7his species comprises more than 90 percent of the salmon harvest in 
Copper River commercial, recreational, subsistence and personal use fisheries. 

KEY WORDS: Copper River, hydroacoustics, migration, Miles Lake, Oncorhjnchus nerka, 
Pacific salmon, riverine sonar, sockeye salmon, side-scanning sonar, 
spawning escapement 



INTRODUCTION 

The Copper River drainage (Figure 1) has supported a significant commercial fishery since the 
early 1890's and a subsistence life style for the residents of this drainage for many years before that. 
Five species of Pacific salmon spawn in the Copper River. The most abundant species is sockeye 
salmon, which makes up more than 90 percent of the total run. Coho salmon Oncorhy~zchus kisutch 
comprise approximately five percent and chinook salmon 0. tsha~ytscha makes up about three 
percent of the total run. Populations of pink 0. gorbuscha and chum 0. keta salmon are not 
abundant. 

There are three major sockeye salmon spawning components in the Copper River system. The 
most abundant component, referred to as the upper Copper River stocks, spawn in Copper River 
tributaries above Miles Lake. The second component, derived from the upper Copper River stocks, 
is an artificially propagated Gulkana River hatchery stock. The Gulkana Hatchery, which has 
operated since the early 1970's: produces approximately 350,000 returning adult sockeye salmon. 
The third component, referred to as the lower delta stocks, spawn in systems below the Chugach 
Mountains, between Eyak Lake and the Katalla River. 

Management of Copper River salmon resources is difficult due to several factors. The Copper 
River is a cold turbid system draining extensive glaciers originating in the Alaska, Chugach, 
Wrangell, and St. Elias mountain ranges. Enumerating the escapement within this drainage has 
been difficult since the main stem Copper River is too silty to allow visual counting of salmon. 
While it is possible to survey clear tributary streams, sockeye and chinook salmon reach these 
waters months after they have passed through the commercial fishery. Such surveys have little 
value for inseason management decisions and make it impossible to ensure that minimum 
escapement levels are achieved. However, postseason escapement estimates do provide data to 
forecast subsequent runs and to establish escapement goals. 

Inseason escapement estimates first became possible in 1978 (Appendices 1 and 2): with the 
deployment of a single side scanning sonar salmon counter on the south bank of the Copper River 
at the outlet of Miles Lake (Mile 49 of the Copper River Highway), approximately 53 krn upstream 
from the commercial fishing district (Figure 2). In 1979, an additional side-scanning sonar unit was 
installed on the north bank of the river. Information from this project has been used for real time 
management of both the commercial and personal use fisheries. During the winter of 1996 the 
Board of Fisheries made significant changes to The Copper River management plan, 5AAC 24.360 
(State of Alaska, 1997). Emergency order regulation of the commercial fishery as well as 
subsistence. personal use, and sport fisheries is based on escapement information collected at the 
Miles Lake sonar site. 



METHODS 

To estimate total escapement, the sonar system must be placed in an area of the river where salmon 
do not mill and all salmon traveling upriver have a high probability of passing through the sonar 
beam. An area of the river with a single channel, uniform slope, smooth bottom and adequate 
current velocity is most desirable. The most suitable location, closest to the river mouth, was found 
just downstream of Miles Lake. This site is 53 km upstream from the Copper River commercial 
fishing district. This section of the river is influenced by two glaciers: Childs Glacier, which is 
below Miles Lake, and Miles Glacier, which is on the eastern shore of Miles Lake (Figure 3). In 
1999 deployment of the sonar was delayed a few days because the south shore of the river was 
frozen and too much ice was flowing down the north side. Although the Copper River Highway 
provides access to the site, deep snowdrifts historically have rendered the highway impassable well 
into June most years. Since 1994, the Department of Transportation (DOT) has opened the road to 
the sonar site in early May. In 1998 and 1999 extreme snow depths prevented DOT from opening 
the road to the sonar site, and the United States Coast Guard deployed gear and personnel to the site 
via helicopter. Beginning in 2000, DOT will no longer be funded to remove snow from that section 
of road near the sonar site before the sonar needs to be deployed. 

Sonar Operations 

The basic adult salmon counter system consists of four main elements: an electronic counting unit, 
a transducer, an artificial bottom substrate, and an oscilloscope for calibration. The system is 
powered by a 12-volt battery continuously recharged by a solar panel. 

Electronic counting units used on this project varied within and between years. Two 16 sector, 
1985 Bendix units, with adjustable hit criteria by sector, are currently used. Two 12 sector 198 1, 
Bendix units with rock inhibiting functions are available to replace 16 sector units which 
malfunction or are damaged. 

Transducers operate at 515 kHz and have alternating beam widths of 2 and 4 degrees. Each 
transducer is mounted on an underwater stand near the riverbank and aimed horizontally across the 
river so that the beam is perpendicular to the current and slightly off the bottom. This allows 
monitoring the portion of river most frequently used by migrating sockeye salmon. On the north 
bank the transducer beam is aimed along the natural river bottom u7here the slope is smooth and 
uniform. A portable tripod is used to hold and aim the transducer. On the south bank the transducer 
is aimed ol.er a permanent artificial bottom substrate with a smooth straight surface. The artificial 



substrate is constructed of concrete with an embedded steel rail to form a uniform surface along the 
river bottom. The rail also serves as a guide along which the transducer is moved in response to 
water level fluctuations. Through 1995, a minimum water level of 40.1 m above mean sea level 
was needed for use of the artificial substrate. When water levels are lower, a portable tripod is used 
to hold and aim the transducer. However, in 1995 an iceberg damaged the lower portion of the rail, 
and the water level required to use the artificial substrate is now 40.9 m above sea level. 

Each portable tripod has an adjustment wheel at the top that is manually turned to aim the sonar 
beam along the river bottom or substrate. To position the beam up or down river, the entire tripod 
must be shifted in the desired direction (Morstad 1992). These manually adjustable stands are less 
prone to damage by large pieces of ice and debris than remote controlled pan and tilt rotator units. 

In 1999, deployment of the sonar was delayed due to a late river breakup. The north side of the 
river opened up first while the south side opened a few days later. The sonar on each side was 
installed as soon as it was safe for both sonar equipment and personnel. Fish passage was low 
when the sonar was first deployed (Table I). 

Calibrations 

Each year, frequent adjustments of transducers have been required on both riverbanks because of 
large fluctuations in river level (Appendix 3), wave action caused by strong winds, and periods of 
heavy ice passage. The north bank sonar unit was calibrated every four hours for 30 minutes or 
until 100 salmon were counted. Due to the low frequency of fish passage (less than 10 fish per 
hour is common), calibrating the north bank can be difficult 

Since 1994, when the south bank unit was on the artificial substrate, calibrations were conducted 
every three hours for 30 minutes or until 100 salmon were counted (Morstad 1992). When the 
south bank transducer was mounted on the tripod hourly printouts from the counter were discarded. 
Instead, visual counting with the oscilloscope was conducted every hour for 30 minutes (Table 2) 
and then expanded to obtain a cumulative hourly count (Table 3 and 4). During this period, the 
pulse repetition rate of the sonar counter was increased to increase the number of hits per fish, 
which aided in visual counting. The reason expanded counts from the oscilloscope were used 
during the low water periods in May and early June is because large amounts of shore, lake and 
glacial ice drift down river and cause high counts in inshore sectors of the beam. Interpolations of 
inshore sectors had to be made constantly, thereby producing data based on averages (Morstad 
1992). 



Species Apportionment 

Test fishing programs using gill nets and beach seines were attempted in the vicinity of the sonar 
site from 1985 through 1987, but lack of good sampling locations and small catches indicated that 
this was not a viable way to collect data on species composition (Morstad 1992). No species 
apportionment information u7as collected at the site in 1999. Based on information from 
subsistence, commercial, sport and personal use harvests, as well as aerial surveys, most salmon 
migrating up the Copper River are sockeye salmon. Therefore, it was assumed that most sonar 
counts could be attributed to this species. 

RESULTS and DISCUSSION 

The sonar at the Miles Lake site was operated from 23 May to 3 August 1999. Estimated 
escapement during that time period was 850,95 1 salmon, 13 percent above the inriver escapement 
goal of 750,000 (Table 1). Daily counts were below anticipated levels from May 23 through June 9 
and then surpassed anticipated le~els  for most of the remaining season. Cumulative escapement 
surpassed the anticipated cumulative escapement on June 24 and remained above the anticipated 
level for the remainder of the season (Figure 4). The south bank transducer was mounted on a 
tripod from 26 May through 11 June (Tables 2 and 4), when water level was too low to use the 
artificial substrate (Figure 5). Although the sonar was installed at the site five to seven days later 
than planned since the river was frozen, it appears most early run fish were counted. The midpoint 
of the escapement was reached on 1 July, which makes this run about two weeks later than the 
average (1 6 June; Appendix 2). 
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TABLES 



Table 1. Daily sockeye salmon escapement estimates! Miles Lake sonar, 1999. 

Estimarsd Dailv Escapement Escapement 
Warcr North South Ohiective 0600 Projsctsd 

Date Level a Bank Bank Dailv Cumulativs D a i l ~  Cumulative Count D d v  



Emmated Dailv Escapement Escapement 
IYatsr North South Obiective OGOO Pro-iscted 

Date Lve l  ' Bank B d  Daily Cumulative Dailv Cumulative Counr Dnilv 

01-Jul 42-38 314 15.753 16.067 422.938 8.621 364.814 3.351 13.404 

02-Jul 42.47 134 10.810 10.944 433.882 9.781 374.598 2.520 10 0S0 

03-Jul 42.1'9 87 12.926 13.013 146.895 11.049 385.647 3.016 12.064 

01-Jul 4?S7 104 10.102 10.206 457.101 11.705 397.352 2.555 10.220 

05-Jul 43.10 55 9.161 9.216 466.317 11818 410.170 3.057 12.228 

n6-Jul 43.19 120 6.714 6.861 473.181 12.645 422.815 1.659 6.636 

07-Jul 43.09 247 6.419 6.696 479.877 12.681 435.498 1.489 1.956 

08-Jul 13.00 340 16.000 16.340 196.217 13.789 549.288 2.412 9.648 

09-Jul 42.95 404 13.973 13.377 510.594 15.581 464.869 3.123 12.492 

10-Jul 42 85 395 15.201 15.599 526.193 15.263 480.132 3.298 13.192 

1 I-Jul 42.73 334 16.785 17.119 543.312 15.428 495.560 3.817 15.268 

12-1111 :2."8 393 12.656 13.049 556.361 11.792 510.352 3.729 14.916 

13-Jul 42.85 11 1 9.831 10.242 566.603 15.598 525.950 2.620 10.480 

14-JuI 42.86 586 16.135 16.721 583.321 11.400 540.350 2.139 8.1'56 

15-Jul 42.78 6x0 16.869 17.549 600.873 13.575 553.925 3.749 14.996 

16-Jul 43.07 397 17.835 18.232 619.105 15.439 569.364 3.758 15.032 

17-Jul 43.41 609 16.032 16.641 635.746 15.192 584.556 3.824 15.296 

18-Jul 1:3.43 634 10.790 11.424 647.170 13.192 597.717 3.258 13.032 

19-Jul 4 9  1.265 14.030 15.295 662.465 12.961 610.709 1.885 7.540 

20-Jul 32.9: 2.527 13.555 16.077 678.542 14.284 624.993 2.519 10.076 

21-Jul 43.53 1.732 14.666 16.398 694.940 10.876 635.869 3.513 14.052 

22-Jul 12 96 665 7.862 8.527 703.167 9.131 615.000 2.195 8.780 

23-3111 12 96 1.294 17.924 19.218 722.685 8.355 653.355 1.720 6.880 

24-Jul 42.52 1.211 15.256 16.497 739.182 8.632 661.987 2.904 11.616 

25-Jul 42.29 766 15.815 16.581 755.763 i.610 669.596 4.030 16.120 

26-JuI 42.13 885 13.303 14.1 88 769.951 6.768 675.364 3.261 13.044 

27-JuI 42.!3 876 7.745 8.621 778.572 7.115 683.480 2.324 9.296 

28-Jul 4 2 . 3  1.130 8.519 9.649 788.221 7.731 691.210 2.761 11.044 

29-JuI 42.50 1.517 8.974 10.491 798.712 7.096 698.306 1.871 7.484 

30-Jul 42.59 1.709 11.504 13,213 81 1.925 5.937 704.243 2.456 9.821 

31-Jul 4241 1.259 6.715 7.974 819.899 5.792 710.035 1.944 7.776 

0 1 - . 4 ~ ~  12 4% 2.447 10.592 13.039 832.938 5.383 715.419 2.030 8.120 

02-.Aw 2 . 7  1.030 ' 8.501 10.531 843.469 4.539 719.958 2.496 9.984 

0 : -~ur  13 1- 7.482 7.4X2 850.951 3 960 723.918 1.597 5.388 

04-Aur 15 A 6  850.951 4.031 727.950 

b North bank ~I;od/transducer a x  deployed. 

Extrapolated from north count only. 

d South bank t-msducer was drployrd on the tripod. 

South bank r;msducer was deployed on the permanent substrate at mltini~_ht 

r North bank ~~~?odl t ransducer  u-as pulled 12:00 midnight. 







Table 4. Expanded hourly and daily counts from the south bank tripod, Miles Lake sonar, 1999. 

HOUR 26-May 27-May 28-May 29-May 30-May 31-May I-Jun 2-Jun 3-Jun 4-Jun 5-Jun 6-Jun 7-Jun 8-Jun 9-Jun 10-Jun 
0000-01 00 42 6 40 220 228 134 82 100 70 18 122 128 242 308 280 

2300-2400 2 24 118 152 210 246 68 234 50 54 30 152 330 246 360 383 
TOTAL 236 818 1,075 2,268 5,899 3,438 2,095 1,870 2,349 2,440 2,700 1,740 6,224 6,924 8,829 14,146 
DAILY 354 818 1.075 2.268 5.899 3.438 2.095 1.870 2.349 2.440 2.700 1.740 6.224 6.924 8.829 14,146 
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Fi,we 4. Anticipated yersus actual daily and cumulative salmon escapement, 
Miles Lake sonar: 1999. 
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Appendix 1. Daily salmon escapement estimates, hiiles Lake sonar, Copper River, 1978-1999. 

Date 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 19S8 1989 

15-May 

16-hby 

17-May 

1 &May 

19-May 

20-May 

2 1 -,May 

22-May 

23-&May 

24-May 

25-May 

26-Me 

27-May 

28-May 

29-May 

30-May 

3 1 -May 

Ol-Jun 

02-Jun 

03-Jun 

04-Jun 

05-Jun 

06-Jun 

07-Jun 

08-Jun 

09-Jun 

IO-Tun 

1 l-Jun 

12-Jun 

13-Jun 

14-Jun 

15-Jun 

16-Jun 

17-Jun 

18-Jun 

19-Jun 

20-Jun 

21-Jun 

22-Jun 

23-Jun 

24-Jun 

25-Jun 

26-Jun 

27-Jun 

2s-Jun 

29-lun 



Appendix 1. (page 2 of 4) 

Date 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

Total 107,011 237,173 276,538 535,263 467:306 515>724 536,806 536.313 508.600 4S3,478 488,098 607,797 

-Continued- 



Appendix I .  (page 3 of 4) 

Date 1990 1991 2992 1993 1994 1995 1996 1997 1998 1999 riveme 



Appendix 1. (page 4 of 4) 

Date 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Avemre 



Appendix 2. Cumulative daily salmon escapement estimates. Miles Lake sonar. Coppcr River, 1978-1999. 

Date  1978 1979 1980 1981 1982 1983 1981 1985 1986 1987 1988 1989 



Appendix 2. (page 2 of 4) 

Date 1978 1979 1980 1981 1982 19x3 1981 1985 19x6 19x7 1988 1989 



.4ppendis 2. (page 3 of 4) 

Date 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Averme 



Appendix 2. (pace 4 of 4) 

Dare 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 .Avcr~ce 

01-Jul 

02-Jul 

03-Jul 

04-Jul 

05-Jul 

06-Jul 

07-Jul 

08-Jul 

09-Jul 

10-Jul 

11-Jul 

12-Jul 

13-Jul 

14-Jul 

15-Jul 

16-Jul 

17-Jul 

18-Jul 

19-Jul 

20-Jul 

21 -Jul 

22-Jul 

23-Jul 

24-Jul 

25-Jul 

26-Jul 

27-Jul 

28-Jul 

29-Jul 

3 0- Jul 

3 1 -Jul 

0 1 -AUg 

02-Aug 

03-Aug 

04-.4ug 

05-Aug 

06-Aug 

07-.4ug 

08-Aug 



Appendx 3 Dally wakr  levels. In mews above sea level. at Mile 49 Bridge, Copper Rlvcr, 1983 - 1999 

Elevation .Above Sea Level 

1983-98 
Date 1983 1984 19S5 19x6 19x7 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 .Averare 



Elevation Above Sza Lcvzl 
1983-98 

Date 1983 1984 1985 1986 1987 1985 1989 1990 1991 1992 1903 1994 1995 1996 1997 199s 1999 Averare 
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